The present study investigated the association between was no association between urinary sodium and BP either in men or in women. There was a significant cor-24-h urinary sodium excretion and heart rate in the determination of blood pressure (BP) levels in a large relation between heart rate and both systolic and diastolic BP in both men and women. A significant interacrandom population sample from eastern Finland. Three independent risk factor surveys were performed in 1979, tion between age and BMI with heart rate was also found in both sexes. Interaction between urinary sodium and 1982 and 1987 using the same methodology. Data from each survey was pooled for subjects aged 25-64 years heart rate was found neither in men nor in women. Among men, after adjustment for age and BMI, there who reported a complete 24-h urine collection and were not on the current antihypertensive treatment (1640 men was a curvilinear relation between 24-h urinary excretion of sodium and diastolic BP (P = 0.054) in the and 1686 women). The effect of urinary sodium excretion and heart rate was examined by regressing BP lowest quintile of heart rate (Ͻ60 beats/min). No correlations were observed among women in any of the quinon urinary sodium excretion and pulse rate, together with age and body mass index (BMI). Analyses stratified tiles of heart rate. by quintiles of heart rate were also performed. There Keywords: blood pressure; salt intake; heart rate from the 25-64 year old population of south-western
Introduction
Finland (Turku-Loimaa area) was also examined A possible interactive mechanism between the symusing the same protocol. The third survey reppathetic nervous system and dietary sodium to resenting people aged 25-64 years was carried out determine the blood pressure (BP) level has been in 1987 in these three areas using the same methodsuggested by a few studies. [1] [2] [3] Further, a second ology as previously. 8 The surveys included the stanorder relationship between BP and sodium excretion dardized BP measurement from the right arm with was shown in Belgian studies. 2, 3 The present study the subject in the sitting position for at least 5 min, investigated whether such a curvilinear relationship heart rate measurement during 30 s, a detailed quesexisted in a large random population sample from tionnaire on dietary habits, history of hypertension Finland.
and its treatment, measurement of other cardiovascular risk factors, and a single 24-h urine collection. 4 ,7,9 BP was measured twice within an interval Subjects and methods of 3 min. For the analyses the values of the two A community-based intervention programme, the measurements were averaged. A 24-h urine sample North Karelia Salt Project, aiming to reduce salt was collected approximately 2 weeks after the subintake among the entire population was carried out ject's first visit to the clinic. The urine volume was during 1979 to 1982. The strategies included: health measured and a sample of mixed urine was taken and education of people; training of health care personput into the freezer and kept at −20°C for 1-6 weeks nel; collaboration with personnel in mass media; before the electrolyte determinations were perforand working with the food industry to reduce salt med. Sodium concentrations of the urine were content in processed food. [4] [5] [6] determined by using the flame photometer (Corning The baseline survey of the North Karelia Salt Pro-460: Ciba Corning Diagnostics Corp, MA, USA) and ject was carried out among a representative sample were used as a measure of salt intake. All urine of people aged 14 -65 years both in the provinces of analyses were carried out in the same laboratory. A North Karelia and Kuopio, the reference comsmall number of subjects who reported an incommunity. 4 Another independent random sample of plete 24-h urine collection were excluded from these populations were examined in the two areas 3 our analyses. years later, in 1982. 5, 7 In 1982, a random sample Height and weight were measured without shoes and with light clothing. Body mass index (BMI) was women) were included in the analyses. In order to Among men, after adjustment for age and BMI only in the lowest quintile of heart rate, there was avoid the possible affect of medications on heart rate, we further excluded those (220 men and 247 a curvilinear relation between the urinary excretion of sodium over 24 h and DBP (F = 3.80, P = 0.05) women) who reported themselves being on the current antihypertensive treatment. Total study popu- (Table 2 ). Among women, there were no significant correlations between sodium excretion and BP in lation thus consisted of 1640 men and 1686 women. They were stratified into five groups according to any of the quintiles of heart rate. The effect of the possible association between the heart rate. In men and women together, the range of heart rate in the lowest, second lowest, middle, 24-h urinary sodium excretion and heart rate adjusted for age and BMI on SBP and DBP among second highest and highest quintiles was 36-60, 62-66, 68-72, 74 -80 and 82-160, respectively. The both men and women is demonstrated in Figures 1  and 2 . The very slight U-shape-like association effect of urinary sodium excretion and heart rate was examined by regressing BP on urinary sodium could only be seen for DBP among men. excretion and heart rate, together with age and BMI. Adjustments for age included both a linear and a Discussion quadratic term. The interaction between sodium excretion and heart rate was assessed by adding the In our study population, a linear and positive although not significant association between urinary appropriate interaction terms into the regression models.
sodium and BP was shown neither in men nor in women. These findings are in variance with some other studies, [10] [11] [12] including INTERSALT, 13 in
Results
which a linear and positive relationship between BP and urinary sodium output has been reported in 33 There was no apparent association between urinary sodium and BP either in men (for systolic BP [SBP] of 52 centres, although it was statistically significant only in three. In our present study, 12% of subjects F = 0.09, P = 0.8; for diastolic BP [DBP] F = 0.23, P = 0.6), or in women (respectively, F = 0.02, P = 0.9 with high BP were excluded from the analyses because they had antihypertensive drug treatment. and F = 1.85, P = 0.2). (Table 1) . When analyses were repeated in the entire sample, including subjects If they were included, a positive association was seen in men, also reported previously.
14 with antihypertensive drug therapy (data not shown), there was a tendency for a linear positive It has been suggested, that an effect of sodium on BP may be overadjusted by BMI which is in high association between urinary sodium and BP in men but not in women. The heart rate correlated significorrelation with BP, 15 since individuals with a higher BMI will on average have higher urinary cantly with SBP and DBP in both men and women (P Ͻ 0.01), and a strong interaction between age and sodium excretion. Thus, it may be that there was a domination of BMI over urinary sodium dimin-BMI with heart rate was also determined in both sexes (P = 0.0001). Among both men and women, ishing the association between urinary sodium and BP. there was no interaction between urinary sodium and heart rate in determining BP (Table 1) .
Our study population was more than twice as large as that in the Whitehall study 1 and also larger small size of the study population or biases in the data collection and statistical methods. than the studies by Staessen et al. 2, 3, 16 The collection of 24-h urinary specimens and estimations of 24-h Genetic predisposition can play an important role in the BP response of sodium. It has been shown urinary sodium in our surveys were highly standardized and showed a good reliability among both that psychological stress decreased urinary sodium excretion in young adult men with borderline men and women. 8 We used the same methods as the Belgian studies in determining associations between hypertension or a family history of hypertension, but had no effect on urinary sodium excretion in the urinary sodium excretion and BP as well as for interactions between the urinary sodium excretion young adult men with a negative history of hypertension. 17 The lack of sodium retention shown in the and heart rate. Thus, the lack of evidence for the interaction between heart rate and the urinary low risk subjects who were high heart rate reactors also indicates that cardiovascular and renal symsodium excretion cannot be explained either by a pathetic responses do not always occur on a paralassociated with clinic systolic (P = 0.05) and diastolic (P = 0.08) BP. At a sodium excretion of lel. 17 In animal studies, a high sodium intake has enhanced selectively the magnitude of the renal 100 mmol/24 h (10th percentile or less), increasing stress from low to high was associated with a fall sympathetic nerve activity and antinatriuretic responses to stressful environmental stimulation, eg, both in systolic (by 4.5 mm Hg) and diastolic (by 1.4 mm Hg) BP. Conversely, at a sodium excretion of mean arterial BP and heart rate responses, which were not increased. 18 250 mmol/24 h (90th percentile or more) the same increase in stress was associated with a rise in pressIn a recent study by Staessen et al, 19 there was no association found between psychoemotional stress ure of 6.3 mm Hg systolic and 5.9 mm Hg diastolic.
19
In other words, a specific curvilinear, not a Uand an elevated BP, but in multivariate analyses with adjustment for age and BMI, psychoemotional shaped association between stress at work and sodium excretion with BP was observed in that stress at work interacted with sodium excretion 
